Abstract: Historically, the Ogasawara Archipelago harbored more than 90 native land snail species, 90% of which were endemic. Unfortunately, about 40% of the species have already gone extinct across the entire archipelago. On Hahajima, the second-largest island and the one on which the greatest number of species was recorded, more than 50% of species are thought to have been lost. We report here the results of a recent survey of the snails of a remote peninsula, Higashizaki, on the eastern coast of Hahajima. Although the peninsula is small (@0.3 km 2 ) and only part is covered by forest (<0
Abstract: Historically, the Ogasawara Archipelago harbored more than 90 native land snail species, 90% of which were endemic. Unfortunately, about 40% of the species have already gone extinct across the entire archipelago. On Hahajima, the second-largest island and the one on which the greatest number of species was recorded, more than 50% of species are thought to have been lost. We report here the results of a recent survey of the snails of a remote peninsula, Higashizaki, on the eastern coast of Hahajima. Although the peninsula is small (@0.3 km 2 ) and only part is covered by forest (<0.1 km 2 ), we found 12 land snail species, all of which are endemic to Ogasawara. Among these species, five had been thought to already be extinct on Hahajima, including Ogasawarana yoshiwarana and Hirasea acutissima. Of the former, there has been no record since its original description in 1902. Except for the much larger island of Anijima and the main part of Hahajima, no single region on the Ogasawara Archipelago maintains as great a number of native land snail species. It is probable that the land snail fauna of the Higashizaki Peninsula is exceptionally well preserved because of a lack of anthropogenic disturbance and introduced species. In some circumstances, even an extremely small area can be an important and effective refuge for threatened land snail faunas.
The native land snail fauna of the Pacific islands is one of the most seriously endangered faunas in the world (e.g., Murray et al. 1988 , Cowie 2001 , 2002 , Cowie and Robinson 2003 , Lydeard et al. 2004 ). Approximately 50% of the native land snail species in the Pacific region are already threatened as a result of the impact of habitat destruction and introduced predators (Lydeard et al. 2004) . The land snail fauna of the Ogasawara Archipelago in the northwestern Pacific is one such example: of 95 recorded species, more than 90% are endemic (Kuroda 1930 , Habe 1969 , Minato 1979 , Chiba 1989 , Tomiyama and Kurozumi 1991 . Unfortunately, about 40% of the identified species from Ogasawara may have already gone extinct (Kurozumi 1988, Tomiyama and Kurozumi 1991) because of habitat degradation (e.g., cultivation, grazing by goats) and destruction of native forest, as well as predation by introduced species (e.g., flatworms, the predatory snail Euglandina rosea, rats) (Shimizu et al. 1991 , Okochi et al. 2004 . Even on Anijima, the island where the native habitat is most intact, and where all of the native snail species still survive, continuing grazing by goats and predation by rats and flatworms may soon lead to extinction of the snail fauna.
Hahajima Island, the second-largest island (20 km 2 ) and the most variable in habitat, has the greatest number of recorded snail species (54) among the islands of Ogasawara, but it is believed that around half have already gone extinct (Tomiyama and Kurozumi 1991 (Figure 1 ). This peninsula consists of a plateau about 100 m above sea level that is surrounded by vertical cliffs around 50-80 m in height (the highest point is 114 m above sea level). The total area is about 0.3 km 2 , of which less than 0.1 km 2 is forested. The only access point from Hahajima is by first climbing the highest mountain on Hahajima (Chibusayama: 400 m above sea level), then descending to a narrow ridge (parts completely lack vegetation because of erosion) that crosses to the peninsula (Figures  1, 2) . The land snail fauna of this peninsula had never before been surveyed. Before visiting, we were hopeful that the habitat might be in its original condition and that few introduced species would be found.
materials and methods
The survey of the Higashizaki Peninsula was conducted in November 2003 and October 2005. First, the condition of the habitat was investigated, and the most likely locations for snails noted. Following some preliminary surveys of the snail fauna, four localities were selected for more detailed examination ( Figure  1 ). We searched on the forest floor and also in the trees (sites 1, 3, 4). Bushes and grassland around the forest were also examined (site 2). First, we searched within a 10 by 10 m quadrat to locate arboreal species and large species such as those in the genus Mandarina (20-30 mm size) in the leaf litter. After recording them, we searched more thoroughly for small snail species (<10 mm) by placing 0.5 by 0.5 m quadrats at random within the 10 by 10 m quadrate. Leaves were removed carefully and all snails found were recorded. In addition, the litter was taken from a 0.2 by 0.2 m area from each 0.5 by 0.5 m quadrat to check for microsnails and parts of dead shells. See Table 1 for the number of 0.5 by 0.5 m quadrats per site.
Species were identified at the study sites, but some samples were also brought to the laboratory. These vouchers representing all species were deposited in the University Museum of the Tohoku University (tumc24801-24804). Based on the occurrence of the snail species in each study site, species richness and population density of each species (numbers per 1-m 2 area) were estimated at each site and across all sites. The frequencies of endemic species, indigenous species, and alien species in the land snail fauna of Higashizaki were compared with those of other areas of Hahajima and the other islands of Ogasawara.
results
The forest in the central part of the plateau of the Higashizaki Peninsula is mainly composed of palm trees (Livistona chinensis), pandanus trees (Pandanus boninensis), and shrubby broad-leaved trees (e.g., Macilus kobu). No alien predators of snails such as predatory flatworms, rats, and the predatory snail Euglandina rosea were found on the peninsula.
Land snails were remarkably abundant on the forest floor, especially under the leaf litter. The rough surveys revealed no species not found in detailed studies of the four sites. In total, 12 species were found (Table 1) , all of which are endemic to Ogasawara. These included species that have already gone extinct in the main part of Hahajima (Ogasawara yoshiwarana, Ogasawara arata, Ptychalaea dedecora, Hirasea acutissima, and Lamprocystis hahajimana) and have not been recorded there since the 1940s. Of special interest, Ogasawarana yoshiwarana and Hirasea acutissima ( Figure 3) were previously believed to be entirely extinct because they are endemic to Hahajima. Ogasawarana yoshiwarana is listed as extinct in the IUCN Red List (2004) and Hirasea acutissima as extinct in the Red List of Japan (Ministry of Environment Japan 2000). Ogasawarana yoshiwarana has not been recorded since it was originally discovered and formally described by Pilsbry (1902) .
The other seven species that were found still survive in the main part of Hahajima. However, Mandarina hahajimana on Higashizaki appears to be ecologically and morphologically distinct from those in other areas of Hahajima. In the main part of Hahajima this species lives on trees and has a thin, small shell with an open umbilicus, whereas on Higashizaki it lives on the ground and has a thick, large shell with a closed umbilicus. In addition, the Higashizaki populations have a variety of shell color patterns, some of which have not been found in any other populations of M. hahajimana.
Ogasawarana yoshiwarana was the most common snail on Higashizaki, with a population density exceeding 100 individuals per square meter (Table 1) . Densities of Hirasea acutissima and Lamprocystis hahajimana were Endemic Ogasawara Land Snail Fauna . Chiba et al. also high and exceeded 50 individuals per square meter in one site. Ogasawarana yoshimarana, Mandarina polita, and M. hahajimana were found mainly in the palm litter, whereas H. acutissima and L. hahajimana were in the broad-leaved litter. The population density of the large species, Mandarina polita and Mandarina hahajimana, was about 3-10 individuals per square meter. Few snails were found on trees, except for the arboreal species Boninena callistoderma on the trunks of palms. This species is extinct in all of the islands except Anijima and Higashizaki on Hahajima. Gastrocopta boninensis and Tornatellides tryoni were found in the bush around the forest.
The species richness of native land snails of the Higashizaki Peninsula was high despite its small area. For example, none of the other islands near Hahajima has as many extant native species as Higashizaki, even though their areas are much larger (Table 2) . On the biggest island, Chichijima, the forested area of which is about 100 times larger than Higashizaki, only 11 native species are still found. Similarly, the forested area of Ototojima is more than 15 times larger than Higashizaki, but only 10 native snail species persist. Currently, 30 native species can be found in the main part of Hahajima, nearly half of which are also found on Higashizaki. In fact, only two islands or areas (Anijima and the main part of Hahajima) have a greater number of native species than Higashizaki (Table 2 ). In addition, in most of the other areas population densities are low; the population density of Hirasea acutissima on Higashizaki is particularly high. discussion The native land snail fauna of Hahajima is remarkably well preserved on Higashizaki. It is in effect a small ''lost world'' of Ogasawara. Unfortunately, invertebrates are often ignored as targets for conservation. Here it can be seen that even a small protected area can maintain a high proportion of an island's snail diversity. We found that the land snail fauna of Higashizaki is basically a subset of species that were previously recorded on Hahajima. However, because there is some isolation between the populations of the peninsula and those of the rest of the island, some differentiation may have occurred. Although no clear morphological differences were observed in most of the species, Mandarina hahajimana is ecologically and morphologically distinct between the peninsula and the rest Note: Numbers for Hahajima do not include species only found in Higashizaki (Ogasawarana yoshiwarana, Ogasawarana arata, Ptychalaea dedecora, Hirasea acutissima, and Lamprocystis hahajimana).
of the island, perhaps suggesting that it has been isolated in the peninsula for some time (Davison and Chiba 2006) .
We think that it is unlikely that the snail fauna of the peninsula migrated from other islands near Hahajima recently (Anejima, Meijima, Imotojima, Mukoujima) because the species composition of the peninsula fauna is clearly different. The only species in common with those islands are Gastrocopta boninensis, Lamprocystis hahajimana, and Tornatellides tryoni, although Hirasea acuta, a species closely related to Hirasea acutissima and sometimes treated as a subspecies of the latter, is found in Hirashima and Imotojima. Hirasea acutissima from Higashizaki is distinguishable from Hirasea acuta by having a far larger and flatter shell with a sharp keel around the periphery. This therefore suggests that the Higashizaki fauna is not derived from elsewhere by recent immigration but is an original fauna that has been maintained in the peninsula to the present time. This is also supported by the fact that live individuals of half of the species of the Higashizaki fauna have not been found for more than 60 yr in the rest of Hahajima, and live specimens of Ogasawarana yoshiwarana has not been recorded in Ogasawara since its discovery over 100 yr ago.
The forest of the Higashizaki Peninsula has been preserved because accessing this peninsula is very difficult. There is no record of cultivation on the peninsula since the initial colonization of the Ogasawara Islands by Japanese people in the 1880s, and the only visitors are occasional fisherman and scientists. In addition, alien predators such as flatworms may be unable to cross the eroded land bridge between the main part of the island and the peninsula. Thus, the land snail fauna of Higashizaki is most likely to be an original Ogasawaran endemic snail fauna that has been little influenced by human activity and introduced species.
Despite its small area, the high species richness of the Higashizaki fauna relative to other parts of Ogasawara suggests that original species diversity can be maintained in very small areas (less than 0.1 km 2 ) if the vegetation is not degraded and alien predators have not been introduced. It is well known that a high species diversity of land snails can be found in an extremely small area (Solem et al. 1981 , Solem and Climo 1985 , Emberton 1995a , de Winter and Gittenberger 1998 , Barker and Mayhill 1999 , Schilthuizen and Rutjes 2001 . The survival of many native land snail species may be possible in a small area because moist habitat can serve as a refuge even on a very small spatial scale (Hylander et al. 2004) or because land snail faunas may not be highly structured by resource competition (Peake 1978 , Cain 1983 , Solem 1984 , Emberton 1995b . Therefore, at the local level, variation in species richness with area may reflect ecological rather than biogeographic factors (Cameron et al. 2003) .
In either case, our findings suggest that the small refugelike Higashizaki Peninsula could be important for the conservation of endemic land snails. Unfortunately, the small area could also prove its downfall if predatory flatworms were introduced or manage to cross the land bridge. Monitoring any habitat change and immigration of alien species is crucial to conserving this unique fauna, as is understanding the ecology and phylogenetic relationships of these species. We recommend that the access ridge should be monitored so that it remains without vegetation in parts, and that great care should be taken not to introduce predators when visiting.
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